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DETAILED ACTION 

The Examiner wishes to thank the Applicant for the time and courtesies extended 
in the interview on October 19, 2006. 

EXAMINER'S AMENDMENT 

1 • An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Alfred M. Walker on January 29, 2007. 

The application has been amended as follows: 
In the Claim* 

1 • (currently amended) | n a power sharing system in a DC load 
environment having: 

a source of AC; 

an alternative source of DC; 

a power controller capable of inputting voltage regulated DC power 
simultaneously from said sources, said alternative sources of DC making a shared 
contribution of power selected by said power controller, said power controller delivering 
a regulated DC voltage to a DC compare load at an output of said power sharing 
system; 

said power controller controlling supply side power 5 ha^fff ^c^dJJde; 
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said power controller having a converter converting AC inputted electrical power 
into a defined DC-regulated voltage to provide and manage power to said DC 
compatible load; 

said power controller producing voltage regulated power by controlling response 
of said alternative source of DC power; 

said power controller directing power from secondary sources of DC power to 
limit peak power supplied from said source of AC power to said DC power to limit peak 
power supplied from said source AC power to said DC compatible load in accordance 
with a pre-set threshold of power from said source of AC power in order to minimize 
peak power surcharges; whoroin the improvement comprises comprising : 

means for operating an alternative source of DC in a dynamic manner that allows 
the utilization of all the power generating capability at the specific operating conditions 
of the moment; and, 

means for delivering power from said alternative primary power source of DC in 
excess of that required by said DC compatible load back to said source of AC. 

3. (currently amended) The power system of Claim 1 further 
comprising an external DC energy sewoe storage device 

1 3. (currently amended) The power sharing system of Claim 1 0 having 
an external DC storage device to supply DC power to said DC compatible load when 
there is a failure in said source of AC and said alternative source of DC produces 
insufficient power for said DC compatible load; 

RECH1V2D-USPTO 
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said system also having a means for feeding back AC power in excess of that 
required by said DC compatible load at any given time from said external DC energy 
storage device into an AC input connection when said AC power source is operational. 
2. The following is an examiner's statement of reasons for allowance: 

Claims 1-39, 42, and 43 are allowed because none of the prior art of record 
discloses or suggests feeding back excess power from a DC source to an AC source or 
an AC input connection, in combination with the remaining claimed features. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hal I. Kaplan whose telephone number is 571-272-8587. 
The examiner can normally be reached on M-F 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Brian Sircus can be reached on 571-272-2800 x36. The fax phone number 
for the organization Where this application or proceeding is assigned is 571-273-8300. 
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(57) ABSTRACT 



A multiple bi-dircctloaal input/output power control system 
includes a network of functional blocks housed in a single 
enclosure, providing DC power to one or more DC loads, 
and providing control and internal pathways, sharing one or 
more AC and/or DC power inputs. The system feeds back 
AC power from the DC power source into an AC input 
connection, and the fed-back AC power is shared by other 
AC loads. The system operates at least one alternative 
source of DC in a dynamic manner, allowing maximisation 
of power generating capability at respective specific oper- 
ating conditions of the moment. 

41 Claims, 4 Drawing Sheets 
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1 2 

TXTT^^^? T ^ I ^^9 T i9 NAL A P° wer factor correction circuit adjusts toe power factor 

INPUT/OUTFUT POWER CONTROL of the unit to a specified value. 

SYSTEM Anti-islanding analog and/or digital logic circuits are used 

^ OT w ^ lo detect loss of connection to utility grid or external 
FIELD OF THE INVENTION 5 synchronization source. 

# . , A bi-directional control module includes an analoc and/or 

nJt itwcnuon relates to electrical power units for digital logic device that enables the bi-directional power 

S f™ S^T^^ AC CUrrCDt aDd 00 W "invert" DC power. If this module is not installed 

direct current electncal power supplies. the unit can only provide the above noted functions "1" and 

SUMMARY OF TWF iMVTTWTrniM 10 " 2 " but 03111101 P*" 0 ^ function "3". 

SUMMARY OF THE INVENTION A DC isolation circuit electrically isolates DC output from 

The Multi-Function Power Control Unit (MFPCU) of this A< ^?m ^ * i ^ r . , 

invention is a network of functional blocks housed in * „ ^^"^SS^Sf- ?E£ ly £ 0Wcrs a ^ ^ wilh . 
single enclosure to provide IWj^^JS dc is MM 

loads. It provides control and internal pathways to share or S£ ^ ^SJ" P ° W ?' ,"u hghtm2 
select a variety of power inputs including AC utility power. nr^ "filing, such as a light editing diode 

alternative DC power sources, as weTas DC poweTfrom ™ f AC m °if w**™"* frequency 

external energy storage devices. Additionally, the MFPCU V*L loa * ^ 

can also feed back AC power from other attached DC 20 ^oT^ durations, such as dunng braking of a 

sources into the AC input connection to be shared by other m a 1 1 MT1Am 

AC loads (including other MFPCU's) within the enterprise. . A low . VOlt f* e ON/OFF control shuts down all output 
The functional blocks are implemented as hard wired elec- CirCUlt * ™. a low voltasc Slgiml or via wireless eommuni- 
tronic circuit boards, as software ninnine on an internal ^H 0 * ^Y"*; Howevcr » another variation allows for a 
digital processor, or as a combination of both types using 25 variable signal to dynamicaUy control the voltage of the 
state-of-the-art design techniques. output cm5Ults - 

Ihe multi-function power control unit includes the fol- , allcmate 00 SOurce DC/D C convener converts output 
lowing functional blocks within its enclosure; a digital °* an alternate energy source to a voltage level suitable for 
processor, a low voltage ON/OFF control block, an alternate T 5 DC ,oad * This conVt5ricr *** £he to dynamically 
DC source DC/DC converter, a DC isolation block, and a 30 chan S ethe operating characteristics of an alternative energy 
bi-directional AC/DC power supply with a bi-directional to permit optimization of power transfer or for proper 

control module, power factor correction means, and an 10 , ce to aUemativfr cncr SV SQ ^. such as a pho- 
anti-islanding control block. In addition, the MFPCU has tovoltaic (PV) device, a wind turbine, a fuel cell, or an 
connectors for the following: AC input, DC load, external ensitle driven co ^ eneration de ™*- 
energy storage device, alternate DC power source, external 35 In another variation, the converter is used to provide DC 
control device, and central data acquisition and control The b3dc 10 thc dtamative energy source during periods 

AC input is typically designed for single phase 208-277 of inactivity* For example, a wind turbine needs to maintain 
VAC at 50 or 60 Hz. Alternatively, the AC input can be Us J*" 16 " 1011 and yaw motora operate during 

designed for three phase 208-480 VAC at 50 or 60 Hz, periods of low wind before power production is achievable. 

The multi-function power control unit operates an alter- 40 AnoUlcr ^^P 1 * * 8 H« start-up of a fuel cell or regeneration 
native source of DC direct current, in conjunction with an svstem » whicn may require fuel pumps, cooling pumps or 
AC source of power or DC power storage device in a 0thcr equipment lo be running before power pro- 

dynamic manner that allows maximum power generating duaion h achievable. 

capability of the alternative source of DC direct current at ^ cxtei ^ energy storage device stores DC power for 
the specific operating conditions of the moment It also can 45 use m ^PP^g power to the DC load and/or alternate 
deliver power in excess of that required by a DC compatible «**EY source, in the event of a loss of AC power, supple- 
load to the AC source of power, DC power storage device, memin 8 power to DC load when required, or supplementing 
or both in a shared manner. * ' power to AC system. Examples include a high voltage 

Thc system includes three major subsystems; battery, a low voltage battery with DC/DC converter, a now 

a Bi-directional Microprocessor-Contiolled 4.5 kW AC to 50 BatteI >'» a flywheel, and a capacitor. 
DC Power Supply; A digital processor monitors and controls power delivery 

a Buck/Boost DC-to-DC Converter with dynamic voltage 10 fnjm & sources and loads. The digital processor 
control; and, provides an interface for providing data and receiving con- 

a DC-Based Meter Monitoring of the AC I/O, DC I/O, and tro1 from the external central data aco^tipn, W- ~ n « Tn 

internal voltages and currents, which is based on a unique 55 comro1 uniL It may provide ihe following contr227 sFTBD-Ubr J ^ 
Metering and Control Module (MCM). *) dynamic voltage control and/or current cc^txolJsu^-^''-— - rjri 

The aforementioned bi-directional AC/DC power supply P lied bv dtenMp DC Source; 
of the present invention includes an AC/DC converter that 2 > to ON/OFF control of all output circuits; rrn 0 0 onno * 
performs three functions based upon signal from Digital 3 > ON/OFF control for the m-o^ctic^fACfolf * 
Processor, including the following: ^ power Supply- 

1) rectifies AC and provides regulated DC voltage (via 4) dynamically change output voltage; and 
DC isolation) when required by the load or Alternate DC 5) dynamically change voltage of the DC link 
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aiiU?DcT^e and/0r P ° WCr dfilivercd/su PP ii «« ^ *e insures that power factor at :hc AC input remains essentially 

8vst ^ ra stal „. , ,. 7 rcceives ^S 0 ^ 6 (such as emergency situations) from 

n^Sfc sh^l 'w iXt " Stan " Up ' """SSi MnMl dcviccs 13 ™ ««* M » *nt do wn Alter- 

nrhV T .*TT^ sl1atdown ' fault > etc -> nate DC Source DODC Converter 9 or DC Isolation Work 

The central data acquisition and control unit is used to 8. Alternate DC Sources 14 mSi m rf»tmXf« «SS 

provide the ability for central control and data collection of >o turbines, fuel cenl^am contc^a^ TnTli ^ 

Z t £ n^JZll? L multt-buddme control, such sources may require power in some off modes such as for 

tauSs ^ V feed ° r ^ nmlIipl0 yaw m fOT twines or pump? which arereq^irea 

* *_ ' _ , at start-up of fuel cells. DC Load U is connected via linr 1\ 

>v^T^Z£U b LT*f n *°\r: a J a ™ 1 15 * hich «" *"> *own as bi-d?re£ona? S on som 
EES? ioventon for supplying a high efficiency occasions, DC loads can generate power One cxamole T! 

S&TRH.*" TT l At 0,18 dmC ' AC inpUt W * h DC ffl0t0r after shutdow/S ^ act a7a gen^ for 
efficiency T-8 lighting ballasts operate an overall efficiency a brief period «*i«>«i 1 c™rDr 

^'nn f b3l, f is 10 °r atc at Bidirectional line 20 permits sinking and sourcing of 

94% efficiency The multi -function power control system a> power from DC Isolation 8 or DC Load 11 with Alternate 

Unit is expected to achieve a throughput efficiency of 96%. DC Source DC/DC Converter 9 

Thus, when combined, the overall efficiency can be 90%, External energy storage device 10 stores DC oower for 

which is 2% better curiam systems. The main reason for use in supplying power to the^C hwd^M^^teniatt 

TO .if Zoi^rl ^ ^ ^ AC/DC P° wer ?»PP , y- «*W «>urce. in the event of a loss of AC^wer Sc 

JSem S Xl^r P ""^ distributio ° 25 menting power to DC load when required, or supplementing 

more efficient than the equivalent sum of power to AC system. Example* include a high voltace 

multaple smaller scale power plants. batteiy . a low ^J^, banefy ^ ^1™* 

is £ ?™w^S l , S f °r C ™ dC3i ^ Battel a flywbeel.lidTSSrSma^ 

is for a power unit that is sized to meet the requirements of 10 is connected via line 22 This connection is ai«. w 
a single phase 277 V lighting circuit (up to 4.5 kW). An 30 directional since a v an e * of oneS swragTd^L tcu^ 
upgrade ,s a three phase unit capable of supplying multiple power during the chSg pSSchScIl S 
lighting creuits, v>aa DC distribution system, and a single batteries such as leaded 1 orM^^uirSScS 

can be from 15 to 250 kW. the charging process, and the motor/generator of a flywheel 

BRIEF DESCRIFnON OF THB DRAWINGS " flyXf " ™" ^ ^ motor to "charge" or spin-up the 
Tne present invention can best be understood in connec- wSciSns SS^"* (MCM) 23. 

. rS=5 »3 S3 

StSL moof^ S0UfCed H,8h faring ^ power available with load requirements thereby 

mr a i. » m u *■ ^ ■ reducing peak surehaigcs. 

thrn^hThl i^^f? 88 ^ 8 ^" 8 currtnt flow 50 FIG. 2 shows typical current/voltage curves for solar cells 

Tj! h s^^Ti ? 811 ?° la8C °P 8rati0n mode " at different levels of incident irradiation (here ranginT from 

^rFrci^* s ^«aP^>,f!^ am , e ° tM ^ s ^' ith - multlple 82 to 140W/em squared). The losdline for maximum power 

MFPCUs ma Peak Shavmg Enterprise AC Wheeling mode. coUected is also drawn. The state-of-the-art control for 

DETAILED DESCRIPTTOV rt« thb extracting the maximum output from a solar array over 

UbiAtLED ^CRIPTION OF THE 5S varying operating conditions is known as maximum power 

imvtiNuuiN point tracking or MPPT. This is achieved either by a 

CT ~ . . . ... predictive open-loop or by a closed-loop comrol system. In 

n* LS?* « W0Ck ^SPT ° f I ^ 1FPCU 1 *** 3 thc MFPCU 0f this invention ' » « implemenred by the 
network of vanous functtonal blocks withm and connections buck/boost DC/DC converter of block 9 under control of 

Ar^^r f 0 ?* a ii tS f pcriphef5 :- ^mscdonal eo digital processor 6. Solar panels used with the current 

1 " Iransfom ^'"*e^ a MFPCU generate from 250 to 600 volts. Thc operating 

JStW^T W ^ ,t ^ K S a T t MOSFETS » v ° lta Se of a Ughting load is 380VDC+/-1 %. Thus altematl 

m^oSnn ^^P 012 ' »ansistorsj which per- DC source DC/DC convener 9 will maintain this o^S 

nut operauon as both a synchronous rectifier for supplying while the input varies from 250 to 600 VDC; this is done in 

££?t fSZZ^F t0 JZ% ] L A P? iU 'T l fr ° m 00 65 con j"nctiOn with MPPT protocols to maximi^ power tnms- 

sources. bi-mrecnonal Control Module 3 controls the opera- fer over dynamically changing conditions suchas incident 

uon as to direcnon, while Power Factor Control Means 4 radiation and ambient tcmp«lu7e ^ KeHSvSD-'JSPTO 
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FIGS. 3-S illustrate the main power flows through 
MFPCU blocks and paths for different modes of operation. 

PIC. 3 shows the most typical modo of operation for an 
MFPCU. It illustrates AC sourccd high efficiency lighting 
wherein load 11 is a fluorescent light load using DC-input 
ballasts. Utility AC power at 15 feeds into bi-directional 
AC/DC power supply 2 where it is converted (at unity power 
factor via power factor correction 4) to DC which flows 
toward DC isolation blocic ft (via line 16) and onward to DC 
lighting load U. In FIG. 3, no external storage device or 
alternate DC source are shown; they may simply not be 
implemented at this MFPCU, or they may just not be 
contributing power at this time. 

HC. 4 shows operation during a utility power outage. 
Power to supply DC load 11 is supplied via line 21 by 
alternate DC source 14 via line 19 through DC/DC converter 
9 and by external storage device XO via lines 22 and 16 
through DC isolation block 8. Note that bi-directional power 
supply 2 is not involved in this operation since it is shut 
down by anti-islanding means 5. 

FIG. 5 shows a multi-MFPCU enterprise operating so as 
to reduce power demand from utility feeder 43 entering 
distribution panel 44. Central data block 12 is sampling 
demand via line 45. Via network of bi-directional data lines 
17, it can keep track of the status of each MFPCU. The 
distribution of utility power to each MFPCU is shown as a 
single line 46 (for simplicity) although multiple branch lines 
would probably be used. In this example, DC load 42 has 
heavy demand from MFPCU 32. 

MFPCU 31 has its load shut down, but its storage device M) 
41 has some capacity. MFPCU 30 is supplying its own load 
11, but its storage device 10 has some capacity, and currently 
its alternate DC source 14 has capacity in excess of load 11 
demand. Central data block 12 is aware of lhe status of each 
MFPCU and the impending peak utiliLy demand threshold, 
therefore a "peak shaving* 1 protocol is automatically entered* 
The bidirectional power supplies 2 of MFPCU' s 30 and 31 
arc placed in inverter mode to feed back AC derived from 
DC sources via lines 47 and 48 respectively. This AC is 

romhirtf-r) with nHli'ru AC iv« km«N*.u ir a* » > , 
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nvrnw^-uf* .tL a A T — "^"^v ™~ w i«e power system oi claim 

£?4T1^ « ^ DC energy storage device 



toad 42 attached to MFPCU 32 via line 4$. "Note tbit 
bi-directional power supply 2 in MFPCU 32 remains in 
rectifier mode. Obviously there arc an almost infinite num- 
ber of similar scenarios that are possible on a second by 
second basis; this just illustrates a possible snapshot where 
AC is wheeled within the enterprise from one MFPCU to 
another. 

In the foregoing description, certain terms and visual 
depictions are used to illustrate the preferred embodiment 



power junction means for delivering a regulated volt- 
age DC to a DC compatible load at an output of said 
power sharing system; 
said power controller controlling supply side power shar- 
ing to a DC load side; 
said power controller having a converter converting AC 
inputted electrical power into a defined DC-regulated 
voltage to provide and manage power to said DC 
compatible load; 
said power controller producing voltage regulated power 
by controlling response of said alternative source of DC 
power; 

said power controller directing power from secondary 
sources of DC power to limit peak power supplied from 
said source Of AC power to said DC power to limit peak 
power supplied from said source AC power to said DC 
compatible load in accordance with a pre-set threshold 
of power from said source of AC power in order to 
minimize peak power surcharges; the improvement 
comprising: 

means for operating said alternative source of DC in a 
dynamic manner that allows the utilization of all the 
power generating capability at the specific operating 
conditions of the moment; and, 

means for delivering power from said alternative primary 
power source of DC in excess of that required by said 
DC compatible load back to said source of AC. 

2. The power system of claim 1 wherein said DC com- 
patible load is selected from the group consisting of: 

a lighting system, 

a DC power consumption device; 

a lighting ballast; 

a lamp; 

solid state lighting; 
a DC motor; 

an AC motor with variable frequency drive (VFD); and/or 
an inverter. 

3. The power system of claim 1 further comprising an 



45 



However, no unnecessary limitations are to be construeTby so from said **™*ve source of 

the terms used or illustrations depicted, beyond what is ZJt.p ^ VCenargy $Ujra £ e <kvicc. in the 



✓ — ~~ ~ «~ wuauucu uy 

tnc terms used or illustrations depicted, beyond what is 
shown in the prior art, since the terms and illustrations are 
exemplary only, and are not meant to limit the scope of the 
present invention- 
It u further known that other modifications may be made 55 
to the present invention, without departing the scope of the 
invention, as noted in the appended Claims. 

We claim: 

havta^ a **** $harinfi systcm m a ^ load environment <$o 
a source of AC; 
an alternative source of DC; 

a power controller capable of inputting voltage regulated 
DC power simultaneously from said sources, said alter- 65 
native source of DC making a shared contribution of 
power selected by said power controller, and having a 



4. The power system of claim 1 wherein Said alternative 
source of DC is at least one of a photo voltaic energy source, 
a cogenerator, a wind energy conversion system and/or a 
fuel cell. 

5. The power system of claim 1 wherein said source of AC 
is at least one of a utility AC grid; a generator and/or a stand 
alone inverter with a connected DC source. 

6. The power system as in claim 3 in which said power 
controller combines power from said alternative source of 



absence of power from said source of AC. 

7. The power sharing systcm as in claim 6 further com- 
prising a means to stop delivering of said DC to said AC 
source when said source of AC power is off and nWjH^iy^n-neprr} 

a source of AC; and 

an alternative source of DC; fjTg £ % 2008 

said power sharing system comprising: 

a bi-directional isolated power supply for converting 
power from said source of AC to DC power: 

means for operating said alternative source of DC in a 
dynamic manner that allows the utilization of all the 
power generating capability at the specific operating 
conditions of the moment of said alternative source of 
DC; 
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a DC compatible load; 

a converter for transforming the output of said alternative 
source of DC to a voltage level suitable for use by said 
DC compatible load; 

a metering module for receiving data relating to power 
from said convener, providing data to a digital proces- 
sor to control said bi-directional isolated power supply, 
to provide power for supplementing power insuffi- 
ciency delivered by said converter, thereby supplying 
load requirements of said DC compatible load, and. 

said power system module including means for feeding 
back to aaid source of AC, through said bi-directional 
isolated power supply, power delivered by said con- 
verter, in excess of that required by said DC compatible 
load at any given time. 

9. The power system of claim 8 wherein said DC com- 
patible toad is selected from the group consisting of; 

a lighting system; 
a DC power consumption device; 
a lighting ballast; 
a lamp; 

solid state lighting; 
a DC motor; 

an AC motor with variable frequency drive (WD); and/or 
an inverter. 

10. The power system of claim 8 further comprising an 
external DC energy storage device. 

11. The power sharing system of claim 8 in which said 
alternative source of DC is at least one of a photovoltaic 30 
energy source, a wind energy conversion system, a co gen- 
erator and/or a fuel cell. 

12. The power system of claim 8 wherein said source of 
AC is at least one of a utility AC grid; a generator and/or a 
stand alone inverter with a connected DC source. 

13. The power sharing system of claim ID having an 
external DC storage device to Supply DC power to said DC 
compatible load when there is a failure in said source of AC 
and said alternative source of DC produces insufficient 
power for said DC compatible load; 

said system having a means for feeding back AC power in 
excess of that required by said DC compatible load at 
any given time from said external DC energy storage 
device into an AC input connection when said AC 
power source is operational. 

14. The power sharing system as in claim 8 further 
comprising a means to prevent feeding back of said AC, 
when said source of AC power is turned off. 

15. A multiple bi-directional input/output power control 
system comprising: 

at least one power control unit having a network of 
functional blocks housed in a single enclosure, said unit 
providing DC power to at least one DC load, 

said unit providing control and internal pathways sharing 
a plurality of power inputs, said inputs including: 

an AC power source, 

at least one alternative DC power source, and, 
said unit having a means for feeding back AC power from 

said at least one DC power source into an AC input & 

connection. 

16. The multiple bi-directional input/output power control 
system as in claim 15 further comprising at least one 



8 



18. The multiple W^lirectfonal input/output power control 
system as in claim 15 where said functional blocks are 
selected from the group consisting of: 

at least one bard wired electronic circuit board; 
software running on an internal digital processor, and/or 
as a combination thereof. 

19. The multiple bi-diicctional input/output power control 
system as in claim 15 wherein said network of functional 
blocks includes a digital processor, a low voltage ON/OFF 
control block, an alternate DC source DC/DC converter, a 
DC isolation block, and a bi-directional AC/DC power 
supply with a bi-directionaJ control module, power factor 
correction means, an anti-islanding control block, and 
metering network including metering control module 
wherein: 

said digital processor controls said functional blocks and 
gathers data from said metering network and metering 
control module; 
said alternate DC source DC/DC converter conditions 
output of connected alternate source to match power 
requirements of said DC load; 
said low voltage on/off control block permits direct exter- 
nal control of said DC isolation and said alternate DC 
source DC/DC converter, and, 
said to-directional AC/DC power supply providing eon- 
nccuon to said source of AC for at least one of the 
following functions; 
to provide power, with said power factor correction means 

to said DC connected load, and/or 
to feed back AC power as directed by said bi-directional 
control module, with conditioning intervention by said 
power factor correction means, and safety interlock 
control by said anti-islanding control block. 

20. The multiple bi-directional input/out power control 
system as in claim 16 wherein said at least one power control 
unit operates said alternative DC power source in conjunc- 
tion with said AC source of power and/or said external DC 
energy storage device, in a dynamic manner allowing maxi- 

40 mum power generating capability of said alternative DC 
power source at specific operating conditions of the 
moment. 

21. The multiple bi-directional input/output power control 
unit as in claim 19 wherein said power control unit delivers 
power, in excess of that required by said at least one 
compatible load, to said AC power source* said external DC 
energy storage device, and/or a combination thereof both in 
a shared manner. 

22. multiple bi-directional input/output power control 
unit as in claim 15 wherein said means for feeding back AC 
power comprises a bi-directional microprocessor-controlled 
power supply. 

23. The multiple bi-directional input/output power control 
unit as in claim 19 wherein said DC-to-DC Converter is a 
buck/boost converter with dynamic voltage controls. 

24. The multiple bi-directional irmut/outpuT^^^pfrop-lJSPTO 
unit as in claim 15 further comprising a IX-based meter, ' - 

said meter monitoring at least one of; r>i " J "* : " 
AC input/output, on no 

DC input/output, ana7or» pf£B 2 2 2008 

internal voltages and currents. 

25. The multiple bi-directional input/output power control 
unit as in claim 19 wherein said bi-directional AC/DC power 
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iT^, ^ftorage device. UQltaj nclmmiy vttCTOin&2ldhi . dircclio(Ui] , CVDC x 

*J*^Z2E? lc bi.o^ecn<mal input/output power control 65 supply includes an AC/DC converter receiving at least one 

system as in claim 15 wherein said at least one power control signal from said digital processor, and forming at least 

unit is a plurality of interconnected power control units. one function of me following functions: 
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1) rectifying AC and providing regulated DC voltage via 
DC isolation when required by said at least one DC 
load and/or said alternate DC power source; 

2) rectifying AC and providing regulated DC voltage to 
said external DC energy storage device; and, 

3) inverting DC power from said alternate DC power 
source or said external DC energy storage device and 
sending said DC power back to Said AC power source. 

26. The multiple bi-directional input/output power control 
system as in claim 19 wherein said power factor correction 
means adjusts a power factor of said power control unit to 
a pre- determined specified value. 

27. The multiple bi-directional input/output power control 
system as in claim. 19 wherein said ana-islanding means 
includes an analog and/or digital logic circuit detecting loss 
of connection to said AC power source grid and/or external 
synchronization source. 

28. The multiple bi-directional input/output power control 
system as in claim 19 wherein said bi-directional control 
module includes an analog and/or digital logic device 
enabling said bi-directional power supply to invert DC 
power. 

29. The multiple bi-directional input/output power control 
system as in claim 19 wherein said DC isolation block 
means electrically isolates DC output from said AC power 25 
source, 

30. tbe multiple bi-directional input/output power control 
system as in claim 15 wherein said at least one DC load is 
selected from the group consisting of: 

a lighting system; 
a DC power consumption device; 
a lighting ballast; 
a lamp; 

solid state lighting; 
a DC motor; 

an AC motor with variable frequency drive (VFD); and/or 
an inverter. 

31. Tbc multiple bi-directional input/output power control 
system as in claim 19 wherein said low voltage ON/OFF 
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device stores DC power and supplies power to said at least 
one DC load and/or alternate energy source. 

36. The multiple bi-directional input/output power control 
system as in claim 19 wherein said digital processor moni- 
tors and controls power delivery to and from a plurality of 
power sources and loads, said digital processor providing an 
interface for providing data and receiving control signals 
from an external central data acquisition and control unit. 

37. The multiple bi-directional input/output power control 
system as in claim 19 wherein said digital processor pro- 
vides at least one of: 

1) dynamic voltage control and/or current control sup- 
plied by an alternate DC Source; 

2) an ON/OFF control of all output circuits; 

3) an ON/OFF control for the bi-directional AC/DC 
power Supply; 

4) dynamically change output voltage; and 

5) dynamically change voltage of the DC link. 
20 38. The multiple bi-directional input/output power control 

system as in claim 19 wherein said digital processor controls 
providing at least one of; 

1) volts, amps, and/or power delivered/supplied by the 
bi-directional AC/DC power supply; 

2) volts, amps, and/or power delivered/supplied by the 
alternate DC source; 

3) volts, amps, and/or power delivered/supplied by the 
external energy storage device; 

4) volts, amps, and/or power delivered/supplied by the. 
load; and/or; 

5) system status, alarms and/or operating mode status. 

39. The multiple bi-directional input/output power control 
system as in claim 36 wherein said central data acquisition 
and control unit provides central control and data collection 

35 of data from said multiple power units, via each respective 
digital processor. 

40. The multiple bi-directional input/output power control 
system as in claim 39 wherein said central f* qtft acquisition 
and control unit includes an enterprise level digital processor 
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control shuts down all output circuits via at least one of a low 40 monitoring and controlling operation from a central loca- 
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voltage signal and/or a wireless cornmunication device, 

32. The multiple bi-directional input/output power control 
system as in claim 19 wherein said low voltage ON/OFF 
control includes at least one variable signal dynamically 
controlling voltage of said output circuits. 

33. The multiple bi-directional input/output power control 
system as in claim 19 wherein said alternate DC source 
DC/DC converter converts output of an alternate energy 
source to a voltage level suitable for said at least one DC 
load, said converter dynamically changing operating char- 
acteristics of said alternative energy source, pcrmiuiog opti- 
mization of power transfer and/or permitting interface with 
said alternative DC energy source. 

34. The multiple bi-directional input/output power control 
system as in claim 15 wherein said alternative DC energy 
source is at least one of: 

a photovoltaic (PV) device, 
a wind turbine, 
a fuel cell, and/or 

an engine driven cogoneratiOD device. 

35. The multiple bi-directional input/output power control 
system as in claim 16 wherein said external energy storage 



tion, soliciting sensor information from each power control 
unit, said central data acquisition and control unit monitor- 
ing loading of said AC utility power source line to said 
enterprise, controlling each said power control unit to limit 
45 the peak utility power used, by adaptively sharing power 
available with requirements of said at least one DC load, 
thereby reducing peak surcharges. 

41. A multiple bi-directional input/output power control 
system comprising a network of functional blocks housed in 
so a single enclosure, said system providing DC power to at 
least one DC load, said system providing control and inter- 
nal pathways sharing at least one of a plurality of AC and/or 
DC power inputs, 

said system feeding back AC power from said at least One 
DC power source into an AC input connection, said 
fed-back AC power shared by other AC loads, 
said system operating at least one alternative source of 
DC in a dynamic manner allowing maximization of 
power generating capability at respective specific oper- 
ating conditions of the moment. 

* * * * JBS0Hnf3D-USPT0 
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